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Fo + H,0 + CHCN
px s gy, 2T — RNO, +N; }
HOF-CHZCN
X = Hal, OMs
and alike O =[16] or [18]0

The HOFCH;CN complex, readily prepared by passinglifough aqueous acetonitrile, is an exceptionally
efficient oxygen transfer agent. It is unique in its capacity to oxidize various azides into the corresponding
nitro derivatives. This method requires short reactions times and room temperature or below, and the
desired nitro compounds were usually isolated in very good yields. The respective nitroso derivatives
are believed to be the intermediates in this reaction. Functional groups such as aromatic rings, ketones,
nitriles, halides, alcohols, and esters are tolerated. Sulfides react withGHpEN usually at the same

rate as azides. Amines and olefins, however, react faster, so they have to be protected first. Nitro derivatives
with various oxygen isotopes can be made using the label&dRCH;CN. In the case of chiral azides

the stereochemistry around the nitrogen-bonded carbons is retained.

Introduction About 20 years ago we introduced the HOF:;CN complef

) ) ) _and from that time its excellent oxygen transfer abilities have
~ Nitro compounds constitute an important class of materials pecome very clear. It is readily prepared by bubbling nitrogen-
in organic chemistry. In many cases they are key synthetic gjjyted fluorine through agueous acetonitrile and is used for
intermediates, whereas in others they are the final productsihe epoxidation of any type of olefihend the oxidation of
useful in the preparation of explosives, dyes, plastics, perfumes,zicohol€ and methyl ethePdo ketones, and these in their turn
pharmaceuticsand more. They have also an important role in - ¢o|d be transformed to esters via Baybiilliger reaction?

evaluating many mechanistic concepts. This reagent was also used to transfer oxygen atoms to sulfides,
Nitro compounds are usually obtained either through a direct including electron-depleted on&sthiophene& and polythio-
nitration of hydrocarbons under harsh conditions or through a pheneg?2 converting all of them to the correspondiSgSdioxo
nitration of anionic intermediates originating from alkyl halides, derivatives. Reactions with primary amines resulted in nitro
alkenes or ketones{nitration)1? For such transformations, a compound$3 whereas tertiary ones produced the corresponding
variety of nitrating agents (electrophilic, radical, and nucleo- N-oxides!4including 1,10N,N-phenanthroline dioxides deriva-
philic) have been used. Corey developed a multistep methodtives that had eluded chemists for so many dec&ti@hese
of converting azides first to phosphine imines RN .
RN=PR), which had to be isolated and then oxidized by ozone. , (4) Rostovtsev, V. V.; Green, L. G.; Fokin, V. V.; Sharpless, K. B.
. L . . Angew. Chem., Int. EQ002 41, 2596.
The nitro derivatives thus obtained (400% yield) were (5) For preliminary communication, see: Rozen, S.; CarmeliJMm.
accompanied by the corresponding phosphine oxides as wellChem. So2003 125 8118. It was highlighted by Prakash, G. K. S.; Etzon,
as by aldehydes, which in certain cases were the sole protiucts.M. Angew. Chem., Int. E®004 43, 26.
A direct and high yield transformation of azides to nitro 2% Z‘(;ngiesﬁ” SB'r;a}le,’ mr'l%erg: gﬂgmi;ga Egﬁgg%ﬁ? ﬁSnSST\lﬂ
derivatives, however, appeared only in the wish list of those H.; Rozen, S.; Feiring, A. E.; Resnick, P. R.Org. Chem1993 58, 972.

dealing with nitro and azide chemistty. (c) Rozen, S.; Golan, Ezur. J. Org. Chem2003 1915. (d) Golan, E.;
Hagooly, A.; Rozen, STetrahedron Lett2004 45, 3397.
(8) Rozen, S.; Bareket, Y.; Kol, Ml'etrahedron1993 49, 8169.

(1) Ono, N.The Nitro Group in Organic Synthesigiley-VCH: New (9) Rozen, S.; Dayan, S.; Bareket, ¥..Org. Chem1995 60, 8267.
York, 2001. (10) (a) Rozen, S.; Bareket, ¥. Org. Chem1997 62, 1457. (b) Toyota,

(2) Olah, G. A.; Malhotra, R.; Narang, S. Glitration: Methods and A.; Ono, Y.; Chiba, J.; Sugihara, T.; Kaneko,Chem. Pharm. BullL996
MechanismVCH: New York, 1989. 44, 703.

(3) Corey E. J.; Samuelsson, B.; Luzzio, F.JAAm. Chem. S0d.984 (11) Rozen, S.; Bareket, Y. Chem. Soc., Chem. Comm@894 1959.
106, 3682. (12) Amir, E.; Rozen, SAngew. Chem., Int. EQR005 44, 7374.

10.1021/jo060440u CCC: $33.50 © 2006 American Chemical Society
Published on Web 05/17/2006 J. Org. Chem200§ 71, 4585-4589 4585



JOC Article

SCHEME 1. Direct Oxidation of Azides to Nitro
Compounds
Rer NaNs_
Fg + Hgo + CH30N
RN RNO2 +Ny
HOF-CH3CN
1 R = CyoHz1 2 (98%)
3 cyclo-CsHg 5 (95%)
4 cyclo-CgHq4 6 (90%)
; @, 8 (80%)
9 R = AcO(CHyp)s 10 (90%)
11 R = CH,COOEt 12 (75%)
13 R = CHg(CH,)3CHCOOEt 14 (70%)
15 R = (CHp)11OH 16 (65%)
17 R = PhCH, 18 (96%)
19 R = PhCOCH, 20 (90%)
o)
21 ©C>\I(CH2)3 22 (80%)
0
22 _HaNNHaH20 - HoN(GH,)aNO,
22a
23 R = (CHy)eCl 24 (87%)
25 R = (CH2)sCN 26 (80%)

reactions and many mdfeare evidence of the high synthetic
potential of HOFCH3CN.

Carmeli and Rozen

nitrocyclopentaneX) and nitrocyclohexanes] in good yields.

The same is true for tertiary azides such as 1-azidoadamantane
(7), which was transformed to 1-nitroadamantag9(in 95%

yield. Ester groups do not pose any problems either, as evident
from the reaction of 5-azidopentyl acetat®),(resulting in
5-nitropentyl acetatel()2° in 90% vyield.

The family ofa-nitro acids is quite useful as a starting point
for various reactions, and several synthetic methods have been
devised for the preparation of its members. Save the oxidation
of amino acids by HOFCH3;CN 2! most methods are based on
a combination of two fragments such as nitroacetate and an alkyl
group or carboxylic acid derivatives and a nitro compoghd.
These procedures are usually characterized by long reaction
times and low yields. Direct conversion ofazido esters to
the corresponding nitro derivatives can serve as an alternative
efficient method for preparing these compounds. Thus, reacting
ethyl azidoacetatel() with 6 equiv of HOFCHsCN at 0°C
produced ethyl nitroaceta&fe(12) in a few minutes reaction.
Ethyl 2-azido hexanoatel 8) behaved similarly, forming ethyl
2-nitrohexanoateld) in good yield.

Despite the fact that the HOEH3;CN complex is able to
oxidize primary alcohol&the short reaction times with the azido
group enabled its selective oxidation without affecting such an
hydroxyl group. 11-Azidoundecanoll®) could serve as an
example by its conversion to the corresponding 11-nitrounde-
canol (L6) in a few seconds using 3 equiv of HEFH;CN
complex. Although HOFRCH3CN is known to react slowly with
aromaticg* the ring in benzyl azidel(7) does not interfere with
the fast reaction of the azido moiety, forming almost quantita-
tively a-nitrotoluene 18). Similarly, reactingn-azido acetophe-
none @9) with 3 molar equiv of HOFCH3CN producedx-nitro
acetophenone2() in a clean, few seconds reaction. The same
is true forN-(3-azidopropyl)phthalimide2l), which was reacted
with 4 equiv of the HOFCH;CN complex to formN-(3-
nitropropyl)phthalimidé® (22) in 80% vyield. Cleavage of the

We report here of a new and unprecedented direct oxidation phthalimide group with hydrazine hydrate produced 1-amino-
of azides, easily obtained from alkyl halides or alcohol deriva- 3-nitropropaneZ2a),26 a member of the difficult to obtain nitro
tives, to the corresponding nitro compounds by the HOF amino derivatives.

CH3CN complex?

Results and Discussion

Reacting 1-azido-6-chlorohexar23f with 3 equiv of HOF
CH3CN for a few seconds produced the corresponding new nitro
derivative @4) in 87% vyield. An alternative method for the

1-Azidodecanel) was readily prepared from bromodecane Preparation of similar compounds uses direct chlorination of
and sodium azide in excellent yields following a literature the nitro derivative, but this option requires harsh conditions

proceduré’ A solution of 3 molar equiv of HOFEH;CN (each

and results in low yield%’ Nitriles are also tolerated, and treating

molar equivalent is a supplier of one oxygen atom) was added 1-azido-6-cyanohexan@) with 3 equiv of HOFCH;CN forms

to a methylene chloride solution dfat 0°C. A release of KN

1-cyano-6-nitrohexane2f) in a few seconds without affecting

was observed, and in a few seconds the reaction was over,the cyano group.

forming 1-nitrodecane2)® in 98% yield (Scheme 1).
Secondary azides also reacted well. Cyclopen8)l gnd

Unlike the very short reaction times required by the aliphatic
azides, it took almdsl h for 10 equiv of HOFCH3CN to react

cyclohexyl @) azides, prepared from the corresponding bro- with azidobenzene2(?) at room temperature to form nitroben-

mides!” needed onl 5 s at 0°C in order to be converted to

(13) (a) Kol, M.; Rozen, SJ. Chem. Soc., Chem. Commad891 567.
(b) Rozen, S.; Kol, MJ. Org. Chem.1992 57, 7342. (c) Dirk, S. M.;
Mickelson, E. T.; Henderson, J. C.; Tour, J. Mrg. Lett.200Q 2, 3405.
(d) Golan, E.; Rozen, Sl. Org. Chem2003 68, 9170.

(14) (a) Dayan, S.; Kol, M.; Rozen, Synthesid999 1427. (b) Chavez,
D. E.; Hiskey, M. A.J. Energ. Mater1999 17, 357.

(15) (a) Rozen, S.; Dayan, 3ngew. Chem., Int. EAL999 38, 3471.
(b) Rozen, S.; Carmeli, MJ. Org. Chem2005 70, 2131.

(16) For reviews dealing with the use of HEFH;CN in general organic
chemistry, see: (a) Rozen, Bur. J. Org. Chem2005 2419. (b) Rozen,
S. Acc. Chem. Red.996 29, 243. (c) Rozen, SPure Appl. Chem1999
71, 481.

(17) Alvarez, S. G.; Alvarez, M. TSynthesid 997, 413.
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(18) Crandall, J. K.; Reix, TJ. Org. Chem1992 57, 6759.

(19) Krishnamurthy, V. V.; lyer, P. S.; Olah, G. A. Org. Chem1983
48, 3373.

(20) Brewster, K.; Harrison, M. J.; Inch, D. T.; Williams, N. Chem.
Soc., Perkin Trans. 1987, 21.

(21) Rozen, S.; Bar-Haim, A.; Mishani, &. Org. Chem1994 59, 1208.

(22) (a) Eyer, M.; Seebach, 0. Am. Chem. Sod 985 107, 3601. (b)
Ram, S.; Ehrenkaufer, R. Bynthesis1986 133.

(23) Li, Z.; Crosignani, S.; Linclau, Bletrahedron Lett2003 44, 8143.

(24) Kol, M.; Rozen, SJ. Org. Chem1993 58, 1593.

(25) Ballini, R.; Barboni, L.; Giarlo, GJ. Org. Chem2004 69, 6907.

(26) Martin, P. D.; Bibart, T. R.; Drueckhammer, G. D.Am. Chem.
Soc 1994 116, 4660.

(27) Sayles, C. D.; Degering, F. BE. Am. Chem. S0d 949 71, 3161.
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SCHEME 2. Proposed Mechanism for Direct Oxidation of SCHEME 3. Incorporation of One or Two 180 Isotopes into
Azides to Corresponding Nitro Derivatives the Nitro Moiety
18,
{ R-N_N=N ] No + HF g f2rHe O ORON N0, (98%)
Co e 2 H'80F-CHyCN 38
Ol W™ e "’{ Y O]
RN3 RN=0 —> RNOQ NO No180
B c @ Fz + Hp'80 + CHaCN @
27 R=Ph 29 (green) 28 (65%) 70%)
H'8OF+CH5CN
30 R=4-MeOCgH,4 32 (blue) 31 (65%) 29 39
33 R=(CHg)C 34 (70%)
35 R = 4-0,NCgH, no reaction was reacted witt (Scheme 3). HRMS (Clj/z= 190.157446,
calcd. for GoHaoN80, (M-1) 190.157894, confirmed that the
36 R =4-0:NCeH,CH 37 (90%) two oxygen atoms of the [18]O-nitrodecar@8(98% yield)
o _ [0] are indeed the expected heavy oxygen isotopes. Another
RZCEN'O R2CBNOH ReCHNO, experiment along this line was reacting nitrosobenz2gewith
[0] R,C=0 1 equiv of HEOFCH3;CN. The HRMS (CI) of the nitrobenzene
[O] = HOF-CHZCN (39), which was formed after a few seconds/z = calcd
125.036273, found 125.036477 (M)learly indicated that only
zene R8) in 65% yield (Scheme 2). Nitrosobenzer9) on one!80 atom was incorporated without any scrambling of the
the other hand was quantitatively oxidized &@with 1 equiv oxygen atoms under the reaction conditions. This increases the
of HOF-CH3CN in a matter of seconds forming the sag probability that the reaction proceeds through the intermediacy
4-Methoxyazidobenzen&(Q) whose carbon bonded nitrogen is ~ of the nitroso moiety (Scheme 3).
more electron rich than the parallel nitrogen 2, reacted The speed of the reaction made us wonder if other oxygen

considerably faster (10 min. versus 1 h) at°Q, to give transfer agents would be as effective as HOMCN. We
4-nitroanisole(31) in 65% yield. What is more, an intensive refluxed methylene chloride solutions biwith 8 molar equiv
blue color of the nitroso derivative3®) appeared, for a few  of MCPBA for 6 h and recovered more than 98% of the starting
seconds and then faded away. The usually colored nitrosomaterial. Same results were obtained after treatinvgth 14
species were not observed in the aliphatic series apparentlymolar equiv of dimethyldioxirane (DMDO) for several hours.
because the oxidation step from a nitroso to a nitro derivative It seems that HOfEH:CN is indeed a stand-alone oxygen
is too fast. Even the sterically hindere@uNs (33) reacted so  transfer agent when the transformation of azides to nitro
fast at—78 °C to produce-BuNO; (34) that we were unable  compounds is considered.
to notice any blue coloration characteristic to the molecule of ~ As we have seen above, H&FH;CN reacts faster with the
t-BuNO. Unlike all other examples 4-azidonitrobenzeB8) ( azido moiety than with primary alcohols, aromatic rings,
was unreactive toward the electrophilic oxygen of the reagent aliphatic halides, ketones, and esters. To further evaluate the
because of the low basicity of the carbon bonded azido nitrogen.scope of this method, we reacted compounds that contain the
Introducing a methylene spacer between the deactivated aromati@zide moiety along with some other more competitive func-
ring and the azido group as in 4-nitrobenzyl azidé)enabled tional groups such as a sulfide, olefin, amine, and the like
the formation of (4-nitrobenzene)-nitromethar®?)(in a few (Scheme 4).
minutes and in 90% yield. These observations support a two In the past, sulfides had been oxidized to sulfones in excellent
steps reaction mechanism: the first and the slower is an attackyields using HOFCH3CN complex? Azidomethyl phenylsulfide
on the relatively electron rich nitrogen by the reagent's (40) was reacted with 1 molar equiv of HOEH;CN, producing
electrophilic oxygen forming intermediaB that immediately a mixture arising from attacks on both the nitrogen and the sulfur
decomposes to the corresponding nitroso deriva@)eKF and atoms. Adding a total of 4 molar equiv of the oxidation agent,
N.. Consequently, the respective nitroso derivative reacts fasthowever, produced nitromethyl phenyl sulfor&l) in 90%
with an additional molecule of HOEH:CN forming eventually yield. We have also examined 10-azido-1-decédi@ Qpplying
the desired nitro compound (Scheme 2). 0.8 equiv of HOFCH3CN for a short time left the azido group
An alternative explanation for aliphatic azides bearingran  untouched, while the double bond was epoxidized, forming 10-
hydrogen atom could be brought up since the nitroso derivativesazido-1,2-epoxy decandJ). Adding 3.5 equiv of the oxidizing
could rearranged to oximé3,28 followed by further oxidation agent enabled a fast reaction on both the azido group and the
to the target nitro compourid. Independent experiments, double bond, forming 1,2-epoxynitrodecadd)(in 85% yield.

however, showed that when ketoximes, as well as otkeNC Amines are also known to react fast with H@FH;CN, 13
derivatives, were reacted with HGEH;CN they resulted in and similarly to the above examples they proved to react faster
quantitative formation of the starting carbonyl derivativés. than the azido group. Reacting 1-amine-11-azido-3,6,9-trioxa-

One of the advantages of HGEH;CN is that its electrophilic undecane45) with 2 molar equiv of HOFCH;CN produced
oxygen originates from water, which is the best source for all 1-azido-11-nitro-3,6,9-trioxaundecané6) in 65% vyield. An
oxygen isotopes. We have passed fluorine through a solutionattempt to slow the reaction on the amine group by using its
of acetonitrile and K80 and obtained HOF-CH;CN, which hydrochloride did not change the outcome apparently because
of a not negligible equilibrium between the salt and the free

d(28) ISmith, M.B.; II\(/Iarch, IMarch’s Advanced Organic Chemistrth amine in the polar media. However, protecting it as a trifluo-

ed.; Wiley: New York, 2001; p 76. - i ;

(29) Ballini, R.; Marcantoni, E.; Petrini, MTetrahedron Lett1992 33, roacetatez(?) ena.bled us.to §elect|vely OXI(:!Ize the azido grOUp’

4835, and the amino-nitro derivativé8 was obtained in 75% yield
(30) Carmeli, M.; Rozen, STetrahedron Lett2006 47, 763. (Scheme 4).
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SCHEME 4. Compatability with Other Functional Groups SCHEME 6. Oxidation of Chiral Azides using HOF-CH3CN
§-CHx=Ng _ [0] . A mixture
©/ 1-equy  ©f products @ ab 3 [O] @
40 o) OH 'IINS .”NOQ
1]
S—CH,—NO, o
o R
another [0]%D = -50° [a®D=+108°  [a]*’D=+32°
3-equv 41 (90%) (c 10, EtOH) (c2.5,CHCl3) (c 1.5, Hexane)
AN NaN : 20 : ol :
al - -,
7 N(CHaCHBr 0 NGy CHoNg @ @ @
42 7 "OH Y N3 7 NO»
[0] 0\7\ [0l 0\7\ 57 58 59 (80%)
P (CH)gNs " (CH2)gNO, i
W 4 Y 4 (eson) [0Pp=+48°  [aFp=-102  [a’D=-293°
) (c 10, EtOH) (c1.5,CHCly)  (c0.7, Hexane)
N3CHa(CHoOCHz)3CHaNH, o
2-equv
45 &b e o,
N3CHg(CHpOCHz)3CHaNO “/OH Na NO,
46 (70%)
)
O] 60 61 62 (&%)

N30H2(CH20CH2)3CH2NHTFA [(X]ZZD =+417.3° Ialst =-114.5° [OL]ZSD =.61°

a7 (neat) (¢ 0.5, CHCl3) (c 1.1, McOH)
NO,CHy(CHoOCH,)3CHoNHTFA

48 (75%)
b R
N NO. @ o ﬂ e
Ot O 2O B B G,
- 0 PN /\ /\

H OH
50 (87%) 63 64 65 (65%)
[a'D=+24°  [0]®D=-657° [a]¥D=+13.4°
[O] = HOF-CH3CN (c 4.2, EtOH) (c0.4,CHCl;)  (c 0.8, CHCl3)

SCHEME 5. Preparation of Dinitro Derivatives a= MeSOoCl; b =NaNg; [O] = HOF-CHsCN

Br(CHghoBr 8 No(CHoltoN azido nitrogen is reduced to such an extend that the electrophilic
HOF-CHACN oxygen of the reagent can no longer attach itself to it.
TR, NO(CHg)1oNO +Ne | Transferring the azido group to the nitro one does not affect

51 (95%) the stereochemistry around the nitrogen-bonded carbon. We have
N3 HOF-CH.CN Ng reacted four optically active menthol derivatives, substituting
O:N —_— O:NO +No their hydroxyl group via the respective mesylates by the azide
3 2

moiety through a classicak3 reaction. These compounds were
then reacted with HOEH3CN, and in all cases no racemization
o ) _was observed.

The priorities were reversed with secondary alcohols, which Thus, the enantiomeric §2S 5R)-(—)-azidomenthanes6)3:

are easily transformed to ketones when they are the sole .

; ) . and (R,2R,59)-(+)-azidomenthan were prepared from the
functional group in a moleculeWhen the azido group was (1R,2(35R)-?§))-(m)enthol 64) and (%%)R,SS)-(EL)-?nenthol 67)
. ; ) ctScheme 6). Botlb5 and 58 proved to be somewhat difficult
cyclohexanol 49), which required 3 equiv of HORH;CN to to oxidize to the corresponding nitro derivative§®2 and the

produce 2-n|trocyclohfexa.n05()) |n. 87% yield. ) unknown59. This resistance was overcame by using 30 equiv
Another useful application of this method was the formation ¢ ine oxidative agent durin2 h of reaction. The reason for

of dinitro compounds, which could be obtained from the gych relatively unusual conditions is the bulky isopropyl group,

respective dihalo derivatives. The high yield and fast formation \yhich has a very strong influence on the reaction center. On

of 1,10-dinitrodecanes{) from 1,10-diazidodecane is illustrative  ihe other hand, the carbon-bonded nitrogen in the isomeric

(Scheme; 5). Such polynitro compounds have found many USeS(1R 25 5R)-(+)-azidomenthan&l and (R,2R 5R)-(+)-azido-

in organic syntheses. menthane64, made from the corresponding §2S5R)-(+)-
Vicinal diazo compounds such ais-1,2-diazidocyclohexane  nepomenthol §0) and (1S,2R 5R)-(+)-isomenthol 63), is much

52 could not be transferred to their dinitro analogues by the |ess affected by the steric hindrance of the isopropyl, and the

present reaction. Attempts to red@with more than 15 equiv. oxidation process leading 622° and to the unknows5 requires

of HOFCH3CN resulted in the oxidation of only one of the  only 6 equiv of the oxidation agent and about 30 min of reaction
azido groups to the corresponding 1-azido-2-nitrocyclohexane

(53) in 65% yield. The reason for this partial oxygen transfer (31) Rollin, P; Viaud, C. MSynthesi<.990 130
lies in _the fact that this i; a stepwise rea(_:ti_on. Once one nitro  (35) Massey, E. H.; Smith, E.yH.; Gordon, W. A. Org. Chem1965
group is formed the basicity of the remaining carbon-bonded 31, 684.

52 53
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time. In all cases no considerable racemization was observedwas then titrated with thiosulfate. Typical concentrations of the
as evident from the optical rotation of all products. oxidizing reagent were around 6-9.6 mol/L.

General Procedure for Reacting Azides with HOFCH3;CN.

An appropriate amount of azide (usually 6@.6 g) was dissolved
in about 30 mL of CHGJ, and the mixture was cooled to°C.

The oxidation with HOFCH3;CN described above is the first ~ The oxidizing agent was then added in one portion to the reaction
direct conversion of azides to nitro derivatives in very good Vvessel. The excess of HGEH;CN was quenched with saturated
yields without affecting the stereochemistry around theNC sodium bicarbonate and extracted with CklGhe organic layer
bond. We hope that this new method will become one of the Was dried over MgS@and the solvent was evaporated. The crude
standard procedures for the preparation of nitro compounds.prOdUthas usually purified by vacuum flash chromatography using

. . . . . Silica gel 60-H (Merck). The spectral and physical properties of
Considering the commercial availability of premixed fluorine/  yhe known products thus obtained were compared either with those

nitrogen mixtures and the technical ease of the reaction, chemistssf authentic samples or with the properties reported in the literature.
should be encouraged to take advantage of the unique synthetign every case an excellent agreement was obtained. All known
value of HOFCH;CN complex as a convenient reagent in compounds, with the exception of the commercial products, were
organic syntheses. We believe that time has arrived that thereferenced throughout this work. Data for the new compounds or
prejudice against fluorine, especially from various “safety for those not well defined in the literature are given below and in

committees” in some organizations, should be reconsidered. Supporting Information.
1-Chloro-6-nitro-hexane (24) was prepared fron23 (0.5 gr,

3.1 mmols) as describe above, resulting in a 87% yield of a yel-
low liquid: 'H NMR 4.4 (2 H, t,J = 3.4 Hz), 3.54 (2 H, tJ =
General Procedure for Working with Fluorine. Fluorine is a 3.2 Hz), 2.03 (2 H, quinJ = 3.6 Hz), 1.79 (2 H, quin] =
strong oxidant and very corrosive material. It should be used only 3.3 Hz), 1.38-1.54 ppm (4H, m)!}3C NMR 27.5, 28, 29.1, 34,
with an appropriate vacuum lifé2 For the occasional user, 46.6, 77.4 ppm. MS (Cljz = 166.1 (M+ 1)*. Anal. Calcd for
however, various premixed mixtures of, fh inert gases are  CeHi2CINOy: C, 43.51; H, 7.30; N, 8.46. Found: C,43.80; H,7.28;
commercially available, simplifying the process. If elementary N,8.32.
precautions are taken, work with fluorine is relatively simple, and
we have had no bad experience working with it.
General Procedure for Producing HOFCH3CN. Mixtures of

10-20% F; in nitrogen were used in this work. The gas mixture Supporting Information Available: Syntheses of compounds
was prepared in a secondary container prior to the reaction and26 44, 48, 53, 59, and65 and copies ofH and 13C NMR for

passed at a rate of about 400 mL per minute through a eeld ( p 1 : .
°C) mixture of 100 mL of CHCN and 10 mL of HO. The fﬁg”ﬁ?g%‘ifgf‘ﬁgg%guh@ Zf;eg;gl Is available free of charge via

development of the oxidizing power was monitored by reacting
aliquots with an acidic aqueous solution of KI. The liberated iodine JO060440U

Conclusion

Experimental Section
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